Introduction
Medicago sativa L. is one the most common forage species in the world thanks to the quantity and quality of production, its longevity, and ability to improve the characteristics of the land where it is cultivated [1] . This important forage crop is widespread in arid and semiarid areas, where increased salinity is one of the major constraints on crop productivity. The need to produce plants with increased salt tolerance has been extensively emphasized by increased crop research [2, 3] . Alfalfa is moderately sensitive to salt levels in irrigation water and in soil [4] , but its great genetic variability [5, 6] may be useful to select the most salt tolerant genotypes among and within the varieties. The success of appropriate selection techniques depends on the ability to exploit this variability. Salt tolerance is achieved due to the control of salt movement into and through the plant. Salt-specific effects on growth are seen only after long periods of time [2] .
Salt tolerant germplasm selection by investigation in the field needs to complete the productive cycle to measure biomass or yield. Therefore a promising, efficient and simple alternative could be to in vitro plants, favoring practical selection techniques based on morphological and physiological traits under controlled stress conditions [7] . In vitro culture is a valid and rapid tool for studying the behavior of plants in response to salt stress, while other factors (nutrients, lighting, temperature) are held constant and controlled in an optimal manner. This approach has been successfully used for the evaluation of salt stress in brassica [8] , tomato [9] [10] [11] [12] [13] [14] [15] [16] , mulberry [17, 18] , potato [19] , rice [20] [21] [22] , poplar [23, 24] , strawberry [25] , eucalyptus [26] [27] [28] , grapevine [29, 30] , citrus [31, 32] , and pistacia [33] .
In this study the in vitro methodology was recommended for the selection of alfalfa varieties via the use of indexes [25, 30] which facilitated comparisons in salt tolerance between the four varieties tested. Using morphological measurements of plantlets grown on a salt-containing medium as the only indicator of salinity resistance can be misleading [25] . In fact, some tolerant varieties may not be affected by the salinity of the substrate as increases in morphological parameters were found not only on the saline medium, but also on the control medium. Differences between varieties growing on media with or without salt were more evident when sensitivity indexes (for each estimated morphological parameter) were analyzed.
Plant salt tolerance is not simply a tolerance for sodium toxicity, but also an adaptation to its secondary effects like water deficiency or osmotically induced depletion [34] . Among the different mechanisms helping plants cope with osmotic stress, the most common is the accumulation of intracellular solutes, such as sugar and free aminoacids [35] . For example, the rapid accumulation of proline in vegetal tissues, due to the increasing osmotic pressure, recently has been related to osmoregulation in environmentally stressed plants [19, 23, [36] [37] [38] [39] [40] [41] .
Osmolyte biosynthesis is an important adaptive manifestation in maintaining the integrity, native configuration and topology of cellular membrane components to ensure their normal functioning under salinity stress [42] . In fact, the action of salt ions entailing induction of osmotic stress causes the malfunctioning of cellular membranes by increasing the permeability and relative ion leakage [43, 44] . Under stress conditions decreased leakage of solutes may indicate the maintenance of cellular membrane integrity as an important salinity tolerance mechanism [45] . Therefore cell membrane stability, evaluated in terms of electrolyte leakage, represents a physiological measurement [46, 47] that has often been used to screen for salt tolerance in various crops and to differentiate the genotypes which can grow at different levels of salinity [48] [49] [50] . The object of this study is to evaluate in vitro salt-screening as an effective and rapid method to select salt-tolerant alfalfa genotypes.
Experimental Procedures

Seed sterilization and germination
Seeds of four varieties of Medicago sativa L. (var. australis, var. gea, var. icon, var. loi) were surface sterilized by immersion in a mercuric chloride aqueous solution (0.25 g Mercury (II) Chloride -Panreac Quimica SA/100 ml sterile distilled water) for 20 minutes and then washed three times with sterile distilled water, placed in sterile conditions on wet filter paper in Petri dishes (8 cm diameter) and germinated for one week at 20°C in a growth chamber.
Salt treatments
Pregerminated seedlings of each variety of alfalfa were aseptically transferred to 500 ml jars (20 per jar) containing a basal medium -BM [51] enriched with different concentrations of sodium chloride (0, 50, 100, 150, 200 mM NaCl). The medium was sterilized by autoclaving for 20 minutes at 121°C. The pH was adjusted to the values of 5.6-5.8 prior to autoclaving. Many researchers have argued that NaCl affects alfalfa plants at early stages of the life-cycle, and the obtained different responses have been used to screen for salt tolerance [52] [53] [54] [55] [56] [57] [58] [59] . Similarly in this study the sterile seedlings were maintained on a selective medium for 10 weeks. A completely randomized experimental design was established, using a 4x5 factorial arrangement with four alfalfa varieties and five levels of saline concentrations (0, 50, 100, 150, 200 mM NaCl) and 15 replicates per each treatment. The osmotic potential of the different saline medium was determined by WP4-PT Dewpoint Potential Meter (Decagon Device, Pullmann, WA). The five saline concentrations, 0, 50, 100, 150, and 200 mM NaCl, determined different potentials of medium which were respectively -0.3, -0.5, -0.7, -1.0, -1.3 MPa. All the cultures were incubated in a growth chamber at 23°C, with a photoperiod of 16/8 hours and under a light intensity of 50 µE s -1 m -2 .
Plant growth traits
Plant growth measurements were evaluated at the end of ten weeks of in vitro culture. The growth parameters analysed were: survival capacity (%), shoot length (cm), fresh and dry weight (g) of shoot and root system of tested plants. Surviving plants were calculated at the end of the culture period using the following equation: Number of the survived plants×100/number of total plants. A plant was considered dead when it showed necrosis of all leaves, stems, and roots [33] . Dry weights were measured after drying samples in a pre-heated oven at 80°C for 48 h (the time required in order to obtain a constant weight) [60] .
Sensitivity index
Sensitivity indexes were used for plant height, for plant fresh weight and for plant dry weight, according to the formula proposed by Hamrouni et al. [30] : IS=(Ps-Pt)/Pt*100, in which Ps is the value of each parameter of the salt-stressed plants and Pt is the value of the same parameter in non-stressed plants.
Electrolyte leakage
Electrolyte leakage was determined as described by Lutts et al. [48] . 200 mg of fresh leaves from the alfalfa plants were cut and placed in test tubes containing 10 ml of distilled deionized water. The tubes were incubated at 25°C on a rotary shaker for 24 hours and, subsequently, the electrical conductivity of the solution (L t ) was determined. Samples were then autoclaved at 120°C for 20 minutes and the final electrical conductivity (L 0 ) was obtained after equilibration at 25°C. Measurements of electrical conductivity were made by conductimeter WTW LF330 (Weilheim, Germany). The electrolyte leakage was defined as follows:
After 10 weeks, the plants that were still alive on the selective medium were presumed to be salt tolerant and were propagated in vitro.
In vitro establishment of clones from salt tolerant genotype
Axillary buds that were 7-8 mm length were taken from the survived plants and used as explants to establish micropropagated clones. One hundred primary explants were cultured into 20x150 mm culture tubes (Sigma) containing 20 ml BM without growth regulators, or enriched with 6-benzylaminopurine (BAP) at 0.2, 0.5, 1.0 mg l -1 . After four weeks of culture, the efficiency of each BAP concentration was determined by recording the percentage of primary explants developing shoots, the number of shoots/explant and the shoot length. Shoots were subcultured onto a fresh multiplication medium (BM + BAP 0.5 mgl -1 ) for proliferation. Each regenerated shoot was rooted in a 200 ml jar (Magenta) containing 50 ml of BM without growth regulators.
Salt tolerance evaluation
The salt tolerance of selected and multiplied clones was evaluated according to the method developed by Dziadczyk et al. [25] . The trial was conducted in 50 ml glass tubes (Kimax) containing approximately 20 ml of medium MB. The influence on plants of NaCl in a concentration of 75 mM (osmotic potential of the medium =-0.63 MPa) was evaluated in comparison with plants grown on the salt-free control medium. The culture conditions were the same as during the selection phase. The experiment was conducted in two replications with fifty objects-plants per replication.
Before the experiment, 7-8 mm long apical buds were weighed in sterile conditions and placed on MB with or without salt. At the end of the experiment, after eight weeks, the increase in shoot fresh weight was monitored in both experimental conditions (0 or 75 mM NaCl), evaluating: 1. The increase of fresh weight in shoots growing on free salt medium, I SF0 =(fresh weight of shoots culturing in vitro on free salt medium minus their initial weight); 2. the increase of fresh weight in shoots growing on saline medium enriched with 75 mM NaCl, I SF75 =(fresh weight of shoots culturing in vitro on saline medium minus their initial weight).
These data were used to calculate the following indexes describing shoot growth in response to salt stress: 3. Shoot fresh weight index I SF =I SF0 /I SF75 ; 4. Ratio of shoot dry/fresh weight index (S SDF )=(dry weight/fresh weight in shoots growing on free salt medium)/(dry weight/fresh weight in shoots growing on saline medium enriched with 75 mM NaCl).
Proline content
Proline content was also determined as part of the salt tolerance screening of alfalfa varieties. Free proline content was determined according to the methods of Bates et al. [61] for explants grown in both experimental conditions. 100 mg of plant material was homogenized in 2 ml of 3% aqueous sulfosalicylic acid. The homogenate was centrifuged at 13,000xg for 10 minutes; then 1 ml of supernatant was placed in a reaction test tube and reacted with 1 ml of acid-ninhydrin and 1 ml glacial acetic acid. The test tubes were heated in boiling water in a warm bath for 1 hour and the reaction was terminated in an ice bath. The reaction mixture was extracted with 2 ml of toluene and mixed vigorously with a vortex. The toluene layer separated in room temperature and the absorbance of chromophore containing toluene was measured at 520 nm by spectrophotometer (Varian Cary 50 UV-Vis spectrophotometer, USA), using pure toluene as the blank. Standard curves were prepared with each assay using standard proline in 3% sulfosalicylic acid solution. The proline content was expressed as micromoles per gram of fresh weight of plant materials.
The concentrations of sodium (Na) were analysed on samples of dried plant material [62, 63] . The samples were dry-ashed at 550°C for 4 hours, mixed with hot 2 M HCl, filtered, and then brought to a final volume of 50 ml with distilled water. The concentration of sodium (Na) was determined by an atomic absorption spectrophotometer (GBC 932 plus GBC Scientific Equipment, Melbourne, Australia).
Statistical analysis
To stabilize variance and normalize percentage data, the arcsine transformation was used. The data were subjected to an analysis of variance using a CoSTAT computer package (Cohort Software, Berkeley, USA) and the SNK test was used to compare the mean values following ANOVA (P<0.01). A two-way ANOVA was carried out to analyze the effects of salt concentrations, alfalfa varieties and the interaction between them.
Results
In vitro salt-screening selection of different alfalfa genotypes
The in vitro salinity experiment demonstrated that the severity of salt treatment injury depended on the alfalfa variety and the NaCl concentration. The survival capacity of the seedlings of four varieties of alfalfa decreased with increase in NaCl concentration ( Figure 1 ). .5 respectively at 100, 150, 200 mM NaCl). The results showed significant differences (P≤0.01) related to salinity, specifically the increasing salt concentration decreased the growth performance. Two-way ANOVA analysis of data showed a significant effect on height (P≤0.01) and fresh weight of the seedlings (P≤0.05), but not on dry weight ( Table 1) ; instead salinity had a significant effect on all the considered traits. The interaction variety x salinity (VxS) did not affect plant traits.
The study of the sensitivity indexes evaluated for seedling elongation (Table 2) , fresh weight (Table 3) and dry weight (Table 4) highlighted the intervarietal differences in salinity tolerance behaviour. Beginning at the lowest salt concentration (50 mM NaCl) there were no statistical differences among varieties, but it is possible to detect the favourable indexes for M. sativa var. icon.
For the other salt concentrations, the results obtained suggest that M. sativa var. icon was more tolerant than the other varieties and for all indexes examined. The other alfalfa varieties showed a similar behaviour for the salt tolerance when the growth inhibition by salinity was operative. The evaluation of cell membrane stability through electrolyte leakage recorded no differences among the varieties grown on salt free medium or enriched with 50 mM NaCl (Figure 2 
In vitro establishment of clones from salt tolerant genotypes
M. sativa L. demonstrated an excellent adaptation to the in vitro conditions. The multiplication and growth of M. sativa spp. apical buds were found to vary with the BAP concentration (Table 5 ). BAP at a concentration of 0.5 mg l -1 produced the highest number of shoots for explants (3.2). The ANOVA highlighted a statistical significance for the number of shoots per explant and for shoot length, while there was no statistical difference for microcuttings per shoot. The percentage of growing explants ranged between 71% and 94%, respectively, on BM enriched with BAP at 1 mg l -1 concentration and on BM free of growth regulator. 
Salt tolerance of selected clones
Our results confirmed that using the plant weight measurements of the salt containing medium (I SF75 ) as the only indicator of salinity resistance can be misleading. In fact, the most resistant genotype, M. sativa var. icon, presented the greatest increases in shoot fresh weight not only on salt, but also on the control medium (BM salt free) (Table 6 ). Differences in growth between clones on media with or without salt were more evident when the shoot fresh weight index (I SF ) was analysed (Table 6 ). An ISF value close to 1.0 represents a state in which the plant growth is not affected by salt. Values lower than 1.0 indicate growth stimulation. Values higher than 1.0 imply a decline of weight as a result of salt stress [25] . The observation of the I SF value in Medicago varieties indicates that the M. sativa var. icon has a value lower than 1.0, so growth stimulation is clearly shown, making it the variety most tolerant to salt stress.
To investigate the influence of salt on water status, the ratio of dry weight to fresh weight of shoots was assessed.
S SDF values close to 1.0 characterize genotypes that do not change the water content in their organ in response to salt stress, which may be the result of a high ability for adaptation [25] . This data also confirmed that the M. sativa var. icon was more tolerant of salt stress than the other varieties and had higher S SDF values (1.08). On the basis of the I SF (1.32) and S SDF (0.87) values, M. sativa var. loi was presumed to be the variety most susceptible to salt stress.
The analysis of sodium content showed no differences among the varieties (Table 6) ; this contributes to the maintenance of similar osmotic potential differences between the shoots and the culture media. The proline content analysis (Table 6) showed that proline accumulation was related to an increase in the salt concentration. M. sativa var. icon explants exposed to 75 mm NaCl accumulated less proline than other alfalfa varieties (Table 6 ). This behaviour is typical of tolerant species, highlighting lower intensity of stress.
Discussion
The differences in stress tolerance among different varieties can be difficult to evaluate in the field where plants are exposed to both biological and climatic variable conditions [64] . Therefore, the in vitro culture methodology may be preferred for carrying out a quick comparison of alfalfa varieties with regards to their salinity tolerance, under controlled climatic and nutritional conditions. Moreover, the shoot culture approach, based on intact tissue, is less prone to resulting in somaclonal variation than cell culture [65] and appears to offer a better system for testing and selecting for salt tolerance [64] .
In the first stage, the study allows for the comparison of alfalfa varieties based on characteristics of salt tolerance through an examination of survival percentage, growth, sensitivity indexes and electrolyte leakage. Significant differences among the tested varieties in response to salinity were noted. The results demonstrated that a higher salt tolerance resulted in increased survival and higher growth. Medicago sativa var. icon exhibited the highest survival rate starting from the concentration 100 mM NaCl until the final concentration of 200 mM NaCl. Also the growth of the M. sativa var. icon was affected by saline conditions to a lesser extent than the other varieties, showing longer shoots and greater fresh weight. The hypothesis that M. sativa var. icon is the most tolerant variety to salt stress was corroborated by the analysis of indexes of salt sensitivity which highlighted a minor impact of salt stress on growth. Previous studies on several species showed that the presence of NaCl in the growth medium caused a disturbance in membrane permeability which was expressed by an increase in solute leakage [66] [67] [68] , thus considering cell membrane stability of stressed tissues as an index of tolerance [40, [48] [49] [50] .
In the present study it should be emphasized that, as far as electrolyte leakage is concerned, M. sativa var. icon was less affected than the other varieties. This physiological parameter indicated reduced cell injury and confirmed the greater tolerance of this variety under salt stress.
It has been demonstrated in alfalfa that salt tolerance exhibited at all growth stages are highly correlated, indicating that the selected genotypes for salt tolerance at one developmental stage will generally not decrease tolerance at other stages [69, 70] . This allows us to infer information about saline tolerance of M. sativa varieties after only ten weeks of saline treatments on the seedlings. In this way, it is possible to select at early stages of the life-cycle those individuals which will remain tolerant even in later stages [59, 69, 70] .
The first results demonstrated a different selective pressure for salt on seedlings that were selected and multiplied according their salt tolerance ability. The second in vitro tests conducted on selected genotypes, according to Dziadczyk et al. [25] , confirmed that the alfalfa varieties clearly differed in salt tolerance. The shoots of the four varieties, while adsorbing the same quantities of sodium in their tissues (Table 6) , exhibited different morpho-physiological indexes confirming M. sativa var. icon as the most salt tolerant among the alfalfa varieties tested (Table 6 ). The reduction of alfalfa growth following NaCl addition has been widely argued in the literature [55, 59, 69, 71, 72] . Studies performed on other species, under saline conditions, show that the growth inhibition is due to a nutrient uptake alteration [33, 73, 74] or to a toxic Na and Cl intracellular concentration occurring in the stressed plants [75] .
With increasing NaCl concentration, the proline content recorded in shoots of all varieties significantly increased, as many researchers have already reported [13, 15, 23, 33, 72, [76] [77] [78] . This increase led us to think that proline was involved in salt tolerance and osmotic adjustement, protecting the plants against the induced salt damages [78, 79] .
However, if compared with the other alfalfa varieties, M. sativa var. icon did not show a similar salt-effected increase in proline content, showing the lowest value (Table 6) . If proline accumulation is an important physiological mechanism to counterbalance the deleterious effects of NaCl [78, 80, 81] , it seems that M. sativa var. icon is osmotically less affected by saline stress. This consideration is validated also by the ratio of dry weight to fresh weight of alfalfa shoots that was higher in M. sativa var. icon, confirming its better water status under saline condition. Though some research has demonstrated the osmoprotective role of proline [77, 78, 82] , others consider the enhanced proline level as merely an effect of stress rather than a cause of tolerance [83, 84] . Similarly, the assessment of proline concentration among alfalfa varieties tolerant to salt at different level may suggest that noticeable proline accumulation was a reaction to salt stress and not a plant response associated with tolerance. This according to others studies which show sensitive cultivars accumulated greater amounts of proline than did the tolerant genotypes [85, 86] .
After analyzing all data, this study concludes that the different varieties accumulated the same levels of sodium, but showed morphological and physiological differences due to the occurrence of appropriate genetic variability, which suggests that the varietal traits could partake in salt tolerance mechanisms. To exploit such variability, the in vitro screening proved to be a rapid method capable of evaluating the negative effects of salt stress on different varieties.
In conclusion, in vitro selection of M. sativa L. varieties on salt-containing media during early seedling growth made it possible to obtain clones with increased salinity tolerance. M. sativa var. icon was declared as more tolerant variety, supporting the practical value of the approach presented.
